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Introduction 51
Over the last five decades extravillous trophoblast (EVT) dependent spiral artery 52 remodelling has emerged as a vital process in establishing a functional human 53 haemochorial placenta (1) . It is thought that this process is preceded by decidua 54 associated and trophoblast independent vascular remodelling. (1) Despite extensive 55 research it remains largely unknown how EVT invasion is regulated in vivo and how 56
EVTs facilitate the extensive so called "physiological change" of the spiral arteries of 57 the placental bed (2) . In recent years maternal immune cells such as the abundant 58 uterine natural killer (NK) cells and macrophages have been attributed as key 59 regulators of the placental bed, regulating both EVT invasion and spiral artery 60 remodelling (3) . How failure of deep EVT invasion and spiral artery remodelling 61 contributes to the aetiology of placental disorders such as recurrent miscarriage, 62 preeclampsia, intra uterine growth restriction (IUGR), and preterm birth remains to be 63
elucidated. 64
Major modifications of the placental bed take place during early pregnancy (4) . The 65 study of early developmental processes in the placental bed during pregnancy is not 66 feasible, and many studies have relied on samples of the placenta bed after 67 (preterm) delivery of the placenta. However, functional studies on these specimens 68 are very limited and most investigators have resorted to in vitro models of trophoblast 69 invasion with the use of modified human trophoblast cell lines. Although these 70 studies have given us a better understanding of the molecular mechanisms 71 regulating invasion and remodelling of the placental bed spiral arteries, the 72 interpretation of data must be executed with caution as they do not reflect the in vivo 73 situation. Therefore, representative placental bed biopsies are still needed from bothM A N U S C R I P T
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studies of the placental bed in humans, using placental bed biopsies or hysterectomy 100 specimens taken after caesarean or vaginal delivery, were included. Case reports, 101 expert opinions, studies concerning placental bed research in animals and reviews 102 that did not describe actual placental bed studies were excluded. To identify relevant 103 studies not covered by the search, cross-references were also picked up in the 104 review process and screened for relevance. A total of 1027 papers were identified 105 with the search query and after duplicates were removed. After screening title and 106 abstract for the inclusion and exclusion criteria mentioned above, 130 papers 107 remained for full text analysis. Finally, full text screening identified 91 studies that 108 have used placental bed biopsies. Together with 3 additional studies found by cross-109 references a total of 94 papers were included. All papers were examined to give an 110 overview of the biopsy techniques used. However, not all papers have reported 111 success rates of the biopsy technique used and some studies have used archived 112 collections of placental bed biopsies, in which case only the original study was 113 included in the analysis of success rates. Twenty-five papers reported success rates 114 of their biopsy technique. (8-32) Successful biopsies were defined as either sampling 115 a myometrial spiral artery with trophoblast or any spiral artery and trophoblast. In 116
Supplemental Figure 1 a flowchart of the selection progress is shown. 117
If success rates were reported for each studied patient group separately an average 118 rate for that paper was calculated. Average success rates for each technique were 119 calculated including only papers that reported success rate per case (and not per 120 biopsy). A weighted mean was calculated to include sample size in the equation. The studies that reported the likelihood of sampling a spiral artery and trophoblasts 198 from the placental bed with punch biopsy at caesarean section are shown in Table 1 . 199
With this technique an average success rate of 51% is feasible. 200
201
Transcervical punch biopsy 202
The punch biopsy technique was not only used in the setting of caesarean sections. anaesthesia an ultrasound scan was performed for placenta localization and 219 estimation of gestational age. After evacuation of the uterine contents a biopsy 220 forceps was introduced under ultrasound guidance to the site of the presumedM A N U S C R I P T
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procedure 17% to 77% of the biopsies were successful in sampling a spiral artery. 223
There was a significant positive correlation between gestational age and the 224 likelihood of obtaining at least one spiral artery. The latter was probably related to the 225 difficulty to clearly visualize the placental bed with ultrasound in very early 226 pregnancy. There were no complications recorded that could be related to the biopsy 227
procedure. 228
This biobank of placental bed biopsies has been extensively used to study spiral 229 artery remodelling and related processes. They contributed, for example, to our 230 knowledge on the role of adhesion molecules (49), nitric oxide (50), transforming 231 growth factor beta (49), interleukin-6 and 8 (51), and vascular smooth muscle cell 232 apoptosis (52) in trophoblast invasion and spiral artery remodelling. 233
Studies that reported the likelihood of sampling a spiral artery and trophoblasts from 234 the placental bed with punch biopsy after vaginal delivery, TOP or ERPC are shown 235 in Table 2 . With this technique an average success rate of 54% is feasible. inserted from the decidual side into the uterus next to the marking needle that could 257 then be removed. With a sharp scalpel a cone of 1-2 cm wide and 1cm deep was 258 obtained. In 68% of hypertensive women the biopsies contained at least one spiral 259 artery, whereas normotensive women were accurately sampled in 35% of the cases. 260
The difference between success rates was not addressed in the paper. 261
The studies that reported the likelihood of sampling a spiral artery and trophoblasts 262 from the placental bed with scalpel or scissors are shown in Table 3 with suction force (vacuum systems such as used for uterine evacuation) into a 276 tissue-sampling box, which in turn was flushed with 500 mL of sterile saline to 277 remove blood. A random portion was selected for morphological studies. In the 278 evaluation study 51 women undergoing caesarean sections and vacuum suctions 279 were included and compared to 33 placental bed punch biopsies and 33 placental 280 plate specimens sampled from the maternal side of the delivered placenta. In 86% of 281 the decidual suction samples one or more spiral arteries were found. Placental bed 282 biopsies and placental plate biopsies contained spiral arteries in 61% and 48% 283 respectively. In the long term follow up of 38-60 months after vacuum suction there 284 were no biopsy related complications reported. (17) 285 The studies that reported the likelihood of sampling a spiral artery and trophoblasts 286 from the decidua with vacuum suction are shown in Table 4 and 10IU were administered intravenously. In our own study we have used 5IU 356 oxytocin in order to increase the chances of sampling a spiral artery and reducing 357 blood loss. After delivery of the placenta and confirmation that all uterine contents 358 were removed, uterine angles were first secured to ensure patient safety and a 359 reduction of blood loss before the sampling procedure commenced. 360
From our experience is has never been necessary to use sutures to close any 361 defects in the uterine wall after punch biopsy. It must be emphasized that it is not of 362 
Evaluation of placental bed biopsy 408
When evaluating the success of the placental bed biopsy immunohistochemistry 409 staining with cytokeratin 7 (CK7) for trophoblast and preferable Periodic Acid Shiff 410 (PAS) after diastase for fibrinoid can be used. Diastase refers to any enzyme that 411 cleaves glycogen into the water-soluble sugars maltose and dextrose, which in turn 412 can be washed away. The typical PAS staining of fibrinoid in the vascular wall 413 facilitates detection of (partially) transformed spiral arteries, without any background 414 staining of glycogen. Caution must be taken when interpreting the CK7 stain, 415 because decidual gland epithelium is also detected. Success can be defined in 416 different ways. We propose an uniform protocol by dividing specimens in 3 417 categories as described previously (28): (1) specimens without trophoblast and spiral 418 artery; (2) specimens with only trophoblast but no spiral arteries; and (3) specimens 419 with both trophoblast and spiral artery (=successful biopsy). In Tables 1, 2, 3 
Collection protocol 424
The following protocol is derived from our experience and based on publications on 425 placental bed biopsies discussed in this review. The bullet action points are arranged 426 in chronological order and can be incorporated into a local Standard Operation 427
Procedure. It is recommended that the presence of all materials used are checked 428 and replenished regularly in order not to delay the processing of the biopsies. The 429 protocol is mainly applicable for biopsy techniques during caesarean section. 430
However, many of the actions are also applicable to transcervical punch biopsies 431 after delivery. The greatest challenge in advancing this field further is the inability to obtain high-524 quality tissue samples from the first and second trimester in on-going pregnancies. 525 Obtaining these parameters before termination of pregnancy might enable us to 536 stratify for women at high risk of developing (early) preeclampsia if their pregnancy 537 would have continued. Although the majority of terminations are performed medically, 538
we encourage researchers to continue collecting placental bed samples in surgical 539 terminations of (early) pregnancy if indicated and when possible to use prediction 540 models for preeclampsia to stratify for women that are at higher risk of developingM A N U S C R I P T
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However, the predictive nature of such studies will still result in a demand for 543 placental bed biopsies sampled in term (complicated) pregnancies. 544
Standardisation of placental bed biopsy procedures will improve the quality and 545 comparability of studies using placental bed biopsies and allow large collections of 546 samples to be generated. We have proposed a standard in this paper. Placental bed 547 samples, when combined with functional experiments on primary and/or immortalized 548 trophoblasts, should give us further insight in the mechanisms of non-trophoblast 549 dependent as well as trophoblast dependent spiral artery remodelling and 550 subsequently in the pathology of pregnancy complications such as preeclampsia, 551 IUGR, preterm birth and placental abruption. 
